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論 文 内 容 要 旨
OCCURRENCEOFSOYBEANMOSAICVIRUSDISEASE
ANDPROPERTIESOFTHEVIRUS
More.thanfiftyvirusesorvirusstrainshave
beenreportedtocausediseasesofsoybeanthroughout
theworld.工n.Japan,assoybeanacreageincreases.,
virusdiseaseshaveincreasesinnumberandseverity.
Thus,elevenviruseshavebeenidentifiedasagents
ofsoybeanvirusdiseases;soybeanmosaicvirus,soy-
beandwarfvirus,milk-vetchdwarfvirus,tobaccorat-
tlevirus,alfalfamosaicvirus,beanyellowmosaic
virus,southernbeanmosaic-virus,peanutstuntvirus,
andsoybeanchloroticmottlevirus.Besidesthese
virus,severalotherunidentifiedviruseshavebeen
reported.工nsoybeanvirusdiseaseら 写oybeanmosaic
virus(SMVjismostimportantintheoccurrence,.seve-
rityanddistribution.AlthoughSMVinJapanhasbeen
classifiedintofivestrains(A,B,C,DandE)on
thebasisofsymptomsandpathogenicitytofoursoybean
cultivars,therearenoavailablereportsonbiological
andphysicochemicalcharacteristicsofthevirusand
stfains.工nthisthesis,biologicalandphysicoche-
micalpropertiesofSMVfivestrainsisolatedfrom
soybean(Glycinemax(L.)Merr.)plantsinJapanwere
investigated;symptomatologicaldifferencesamong
theSMVstrains(1),occurrenceofSMVinfieldsin
MiyagiPrefecture(II),propertiesofthevirionand
amodeofthevirusmultiplication(III),fine-structu-
ralchangesofthevirus-infectedsoybeanleafcells
(IV),andmechanismofseedtransmissionofthevirus
(v).
1.SymptomatologicaldifferencesamongtheSMVstrains
Onleavesofsusceptiblesoybeancvs.Tsurunoko
andNorin4-go,strainAandEproducedseveremosaic
withveinclearing,downwardcurlingandrugose.By
infectionwith.strainE,sometimeschloroticlocal
lesionsappearedonthetrifoliolates.StrainsB,
CandDproducedmildmosaicsymptoms;strainsBand
Cwithveinyellowing,strainDwithveinnecrosis.
Earlysymptomscommontothestrainsweretheappear-
anceofveinchlorosis,andsometimesveinalnecrosis
occurredininoculatedprimaryleaves(Figure1).
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II.OccurrenceofSMVinfieldsinMiyagiPrefecture
In1983,soybeanswithleavesshowingmosaic
symptomsinfieldsofMiyagiPrefecturewerecollected
fromtworegions,工shinomakiandOnodamachi,anddisco-
lored(mottled)seedswerecollectedfromdiseased
plantsinl3regions3Taゴiricho-Hachiman.,K台h6kucho_
Nakaゴimaヂ エwanuma-Kitakaze,Kogota.cho、Mati3uyama-Daima_
chi.,Marumoricho-Tateyama,Sanbongimachi-Zennamida,
Iwanumashi-Minamikaze,Monoomachi-Sugano,Furukawashi
.andWataricho-Ookumaincludingabovetworegions.Cau-
salvirusesofthesampleswereidentifiedwithhost-
reactions,一serologica!test,electron-microscopy,MW
of.coatproteinestimatedbySDS-polyacrylamidegel
electrophoresisandanalysesonWestern=blotting.From
theseedlingsemerged-fromdiscoloredseeds,SMVand
acucumoviruswere.detected;mostofthemwereinfected
singlywithSMVandothersweredoublyinfectedwith
SMVandacu.cumovirus(工shinomaki,.Onodamachi『andMo-
noomachi-Sugano).TheSMVwasidentifiedasstrains
CandEbythereactionsonfoursoybeancultivars(Ha-
rosoy,Shiromame,Ou13-goandTokatinagaba).Thecucu-
moviruswasidentifiedassoybean.stuntvirus(SSV)
byhost-reactions.工twasconfirmedt}}atfromdoubly
infectedandsinglyinfectedplants,doublyinfected
andsinglyinfectedseedsrespectivelywereproduced
(Table1).
1工1.Propertiesgfthevirion..andamodeof: ..theV‡:rus
multiplication
Morphology:Thevirusmorphologywasexaminedwith
directdipnegative.stainingusing2ｰsPTA(Figure2).
Thevirus-wasflexuosfilamentousparticles625-800
nmlong.StrainsA,BandCwere625-725nm,strain
Dwas ,650-750nm,and.strainEwas700-800nmin…length.
Thus,theparticlelengthwasdifferentamongthe
strains(Figure3).
Purification:Thevirusofhighpuritywasobtai-
nedbyamethodasfollows;leavesat3-4weeksafter
inoculationwerehomogenizedinanextractionbuffer
(0.1Mcitratebuffer,pH6.5,containingO.1%Na-DIECA
and8gv/vchloroform-butanol).3mloftheextraction
bufferwasusedtolgroftheleaves.Thehomogenate
waspassedthrough21ayersofcheese-clothandcentri-
fugedat6.5KrpmforlOmininHitachiRPR20-2-2038
rotor.Thesupernatantwasaddedwith6% ,PEG-6000and
O.1MNaCl,stirredatroomtemperaturefor30min,
keptforlhrat4ｰC,andthencentrifugedfor10min
at6.5KrpmusingHitachiRPR20-2-2038rotor.The
pelletwassuspendedinO.1Mcitratebuffer,pH6.5,
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andcentrifugedatb.5Krpmfor10minbyHitachiRPR
20-2-2038rotor.Thesupernatantwascentrifugedat
45KrpmforlhrbyHitachiRPS50-2-375rotor.The
pelletwasusedasthepurifiedvirus.
Byelectron-microscopy,atpH6.2,thepartic-
lesofstrainsA,BandCscatteredindividuallyand
thoseof.strainsDandEwerebundled(Figure4),sug-
Bestingthatthesurfacechargeweredifferentamong
thestrains,Thevirusparticlesinnegativestain
werecユeareratpH.4.0・thanatやHs6。2an(耳1.9(Figu-
re5).
FromSDS-polyacrylamidegelelectrophoresis
ofdissociatedSMVstrainsA,B,C,DandE,MWof
coatproteinwasestimatedtobe30to31kdwithout
differencesamongthestrains(Figure6).Coatprotein
ofstrainsAandCwasunstableandeasilyruptured;
incontrast,thatofstrainsB,DandEwasstable.
Thebreakdownofcoatproteinwaspreventedbyaddition
ofprpteaseinhibitor.s(ユ.mMphehylmethylsulfonylfluo-
ride,20mMiodoaceticsodiumsaltand2mMEDTAdiso-
diumsalt)(Figure7).
Amodeofthevirusmultiplication:Theappear-
anceofviralproteinsin2ndtrifoliolateswhichare
developingafterinoculationtoprimaryleaveswas
investigated.工n3-day-oldleaves,fivepolypeやtides,
MWs13,18,22,26'and28kd,whichreactedwithSMV-
antiserumweredetected.In7-day-oldleaves,polypep-
tidesofMWs18,22,26and28kddisappeared,instead
oftheappearanceofpolypeptidesofMWs30,55and
70kd.Polypeptide.sof30and70kdweretheSMVcoat
proteinandinclusionprotein,一respectively.Aconsi-
derablylargeamountof13kdpolypeptidewasdetected
atanearly-stageoftheleafdevelopmentandbefore
theincreaseofvirustiter,andasthe30kdcoat
proteinincreased,13kdpolypeptidedecreased.Thus,
13kdpolypep,tideseemedtobeaprecursorofcoat
protein(Figure8).
工V.Fine-struc七uralchang6softhevirus-infecセed
soybeanleafcells
Internalsymptomsin2ndtrifoliolateofsoy-
beancv.Tsurunokowereexaminedbyelectron-micros-
copy.工nthe.cellsinfected.withstrainA,cylindrical
inclusionscontainingpinwheelandbothscrolland
long.一laminatedaggregateswereoftenfound,suggesting
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thattheyaretypica■.subdivisionI工Itypeinclusions.
ByinfectionwithstrainsB,CandD,pinwheel,scroll
andshort-curvedlaminatedaggregateswereobserved
andthey6eemedtobenearlysμbdivision工Vtypeinclu一.
lions.ByinfectionwithstrainE,pinwheelandscroll
inclusionsweredominantandlong-laminatedaggregates
werenotdetected.Thus,itwassuggestedthattypes
ofcylindricalinclusionbodyweredifferentamong
the.strainsand .belongedtosubdivisionI工IorIV。
Amorphousbodieswerefoundinthecellsinfectedwith
everystrain.Cytoplasmiccrystalline-inclusions.were
oftenfoundinthecellsinfectedwithstrainsBand
D.Crystalbodiesoccurredinproportiontothesymp-
tomseverityandthus,frequentlyfoundinthecells
infectedwithstrainsAandE.Microbodiescontaing
crystalswerefoundinthecellsinfectedwithstrains
BandE.Cylindricalinclusionbodiesper.cellwas
largerinthoseinfectedwithstrainsA,B,'CandD
thanthatwithstrainE.Thus,acorrelationbetween
theamountsofinclusionbodiesinthecellandsymp-
tomswasnotfound(Figure9).
V.Mechanismofseedtransmissionofthevirus
Distributionofvirusinseedcoatsandin
cotyledon-embryoinwhichseedcoatswereremovedfrom
theinfectedseedswas-determinedwithbioassayand
indirect-ELISA.Theviruswasdetectedinbothseed
coatsandcotyledon-embryotissues.Thevirusantigen
wasdetectedin13$ofcotyledonsemergedfromSMV
strainA-infectedbareseeds(cotyledon-embryo)and
ingaoffirsttrifoliolatesfromthem.Similarre-
sultswerealsoobtainedwhennaturallyinfectedsoy-
beanseedswereused.工nfectionpercentoftheseed-
lingsemergedfrominfectedwholeseedswithoutremo-
wing-seedcoatwasnotlargerthanthatofthosefrom
infectedbareseeds.Theresultsuggestedthatthe
virusinseedcoatshasnotanimportantroleinseed
transmission.Thus,itwasassumedthatthe-virus
existedinthecotyledon-embryoinseedswasrespon-
siblefortheseedtransmission(Table2and3).
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Figure1.Symptomsonsoybeancvs.Norin4-go(N)
andTsurunoko(T)infectedwithSMVstrains
A;a,B;b,C;c,D;d,andE;e.
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Table1. DetectionofcausalviruseSこ しn
soybeansshowingmo忌aicsymPtoms二Ln
工shinomakiahdOnodamachi
Location Detectionofvirus
Ishinomaki
Onodamachi
8/10
4_(3)(4)/20
Anumerator;numberof"infectedplants,
Adenominator;numberofplantstested.
();cucumovirus,();double-infection
withSMVandcucumovirus.
Nakednumber;soybeanmosaicvirus(SMV).
Figure2. MorphologyofSMVstrainsA;a
B;b,C;c,D;d,andE;e ,
particlesseenbytheleaf-dip
method.Stainwith2%PTA,pH
6.2.Ba.r.=100nm.
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Figure3. llistogramshowinglengthdistribution
ofSMVstrainsA,B,C,DandE,partic-
lesexaminedbytheleaf-di.pmethods.
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Figure5. MorphologyofSMVstrainsA(a),B(b),
D(d)andE(e)particlesinpartially
fiedpreparations.Stainwith2a
pH4.0.Bar=100nm.
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Analysisofthe.effectofproteaseinhibi-
tors('P工s)tothe℃oatprρteinofSMVstra-
insA,B,C,DandEbySDS-PAGEandEBIA
examinations;without(whitearea)orwith
(.blackarea)PIs.MWsofthedegradation
products(arrow)ofthe-coatproteinwere
est.imatedt◎be29and27kd.
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cytoplasmic
leafcellsinfected
B;b,C;c,D;d,
S;scroll,LL;long-
short-curvedlamina-
particles,AB;amor-
crystalline
bodyCCM;crystal
Bar=500nm.
Tabユe2.Virusdetectionbyindirect-ELISAtest
inSMVstrainsA,B,C,DandE-infec-
tedmaturedpods,seedscoats,bare
seeds(cotyledon-embryo)andfrom
thefirsttrifoユio二Latesdeveloped
fromwholeseeds
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Table3.Virusdetectionbyindirect -ELISA
testinmottledseedcoats ,bare
seeds(cotyledon-embryo)andthe
firsttrifoliolates(seedlings)emer -
gedfrombareseeds,whichwerein-
fectedwithSMVstrainAandinfected
natura:Lユ.yinfields
Seeds Coaセ5 Cotyledons一
επ止》ryos Seedlings
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審 査 結 果 の 要 旨
ダイズには多数のウイルス病の発生が認められるカミ,病原 としてはダイズモザイクウイルス
(SMV)が最も多い。SMVはダイズ品種の病徴か らA～Eの5系 統に分類されるが,こ れ ら系
統の性状については明らかでなかった。本研究は宮城県におけるSMVの発生解析にはじま り,・
CおよびE系統が主体 となっていることを示し,またダイズ品種鶴の子,農林4号 におけるA～
E系統の病徴の特徴を類別 した。SMVはひも状粒子でA～D系 統は長さ625～800nm,E系統は
700～800nmと若干長いものが多い。SMVの最適精製法を検討し,得られた粒子のpHの変動に
よる分散形態は系統により異なり,系統により粒子表面荷電カミ異なることを示 した。またA,C
系統は精製中に酵素的分解を受け易 く不安定である。この分解はプロテアーゼインヒビヅターの
添加により抑制される。外被タンパクの分子量は全系統で30～31kdであった。SMV抗血清を用
いたウエスタンブロヅト法によりウイルス性タンパクの変動を第2展 開葉についてみると最初
13,18,22,26および28kdタンパクカミ増加 し,時間経過 とともに外被タンパクおよび封入体タソ
パク(70k)が増加するにつれて,これらのタソパクは減少した。特に13kdタンパクの滅少と外
被タンパク増加 との問には相関関係が認められた。SMV5系統のダイズ(品種鶴の子)感染細胞
に形成される封入体はその形態から3分窺された。すなわちA系統は第3群,B～D系 統は第4
群,そ して第1群 に属すると考えられた。本 ウイルスの子実における分布は種皮および内部子葉
部に認められ,特 に前者に多い。しかし発病は種皮のウイルスとは相関せず,子 葉部のそれを相
関した。すなわち本ウイルスによる種子伝染は体内移行により結実までに子実部に移動 したウイ
ルスの内,特 に子葉部のものにより行われると考えられた。
以上のように本論文は,SMV5系統の性状 ・増殖に関し幾多の新知見を得,そ の特性 を明ら
かにした。よって審査員一同は,本論文提出者に農学博士の学位を与えるに資格充分と判定 した。
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